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EXPERDMENTAL RESEARCH Gl THE LMAROTIERAPY OF BURNS ™ = ]
Khirurgiya, No 9 . A. Fedorov and S. V. Skurkovich, ) ol
Moscow, Sep 1955 Cexirul Institute of Hematology and Pif ’
Bleod Transfusien, Hnistry of Health USSR ;\; . ﬁ
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Profound many-phased fanctien:, \ &
organism as the result of burw tray .

and clinical data it is posaits
pathological phencizercy whi.

A stream of nerve and
irritant leads te disrupLi
lation ond respirat
and the compesition of
give rise to the elinical
the initial stage in a chuwe o
caused by severe burr trawss The in
laries with resulting less ci blood vlaziae Trom the blood ctream into the ine
terstitial spaces le o very critical pathogenetic factcr. This brings about
increased blood concentraticn, o decreuse in the volume cf cireulating blood,
and edema. In the process -f ent of the burn syndrome, autoin-
toxication 15 apparent avan in i oo sh2ges.  Massive destruetion of cells
and denaturation and toxis decermosition of rrateins occur at the site of the
burn, Toxic products ars atzorbrd not only frem the damaged tissues, but form
as well in sites removed from the Toecus of dlrect injury. Sometimes lethal
intoxication phenomena develop

iclogical chauges

icurodynic burn shock is

athclogical phenomena
= 1lity of the capil-

Autointoxication is an =2o
the burn syndrome, a fact whizh
experimental and clinical dats

etic link in the development of
cHified to by a large accumwlation of

iztencs of autclntoxication is con-
3 rocover after radical excision

E * hage, healcthy animale, without exception, die

after burned skin has beon Lie splanted on them {M, P. Lebedeva). Experiments
employing parabiosis shoved that the parabicnt widch hod not undergone injury
died after experiencing exachly the ne i s suffered by its burned partner
(M. p. Lebedeva)., It was LCound po o save the lives of the experimental
animals by adninistering substances wiceh coagulate and adsorb proteins and the
products of their decompositicn.

Proceeding from whut has tsen ~uzd ahtvs, the therapeutlc tactics of the
physician .u treating patients wirh, exiencive Luras consists of the following: Y

(1) control of neurorefiex shock, (Z) prevention or allevietion of severe au-
tointoxication, (3} prophylaxis againct
creation of conditicns favorable [a o]

of the skin.

Neurodynic shock and cther o
suppressed with the cid :f

irdars can be alleviated or completely
; “he principles of Pavlovian physiol-
ogy, i.e., administration morphane, Lhe vee of a novecain block according to
A. V. Vishnevskiy, dru;- o lugecticn of E. A, Asratyan's liquid,
etc. The transfusion of blocd and plasma is aluo useful.

Thus, the centrol of newrsdymic burn shock is conpletely possible at the

present time with the aid cf effective therapeutic measures. Therapeutic meas-

ures of comparable erfectiiveness siZil have not been proposed for the prevention
t

4
£
i s

or assuagement of fulminant autointoxicating.
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Autointoxication is an extreme trial for the oxgunism of
its compensatory physiological mechanisns. Durin; this period in the develop-

ment of the burn syndrome, profound Tunetionul changes oceur in all the organs
and physiologicel systems of the patients.

Wie patient and

The results of our research are preserted Lirie
vork vas conducted according to the Follouing ovlan:
Droperties of the tlssues and blood of burned dogs by biological nethods,

(2) study of the antigenic properties of bleoc und tissue proteins of burned
animals vith the ald of the method of anaphyli:

tion, (3) the search for and study of method

breveniing or alleviating autointoxication i:
animels,

fly in this article, OQur
(1) study of the toxic

1o combined with desensitiza-
of izmunotherapy capable of
2 she talael Form of burngs in

Ve conducted our experiments on doss vioioul the uce of anesthesia,
The burn vas inflicted by e flame on o shin sucface carefully cleared of hair,
Two experimental types of burns were used: (1) burning of 20-25 percent of
the total body surface with a Seminute Cxpooure, after which the animalg which
were not treated died within 3-5 deys, and (2) burning of 38-h2 percent of the
total body surface with a 3-minute exposwre,
diea within 6-36 hours. The burns uvere of

alter vihich the untreated animals
suird and fourth degree intensity.

Changes in the circulatory system as menifesied by erterial and venous
blood pressure, the results of radioactive measuresents of the volume of circu-
lating blood, roentgenoky.ographs, ond electrocardiographs were studied in the
cxperimental dogs during various phases in the development of the burn syndrome.
In addition, studies were made of the morphological composition of the blood,
the percentage of serum proteins, the cellular composition of the bone marrow,
certain physicochemical characteristics of +)

tae protein systems of the blood,
oxidation brocesses, and pathoanatonmical chenges.,

llunerous experiments showed that toric components with g complex biological
action vere formed constantly in the burned skin of the dogs. Introduction of
b ml of a (1:3) aquecus salt solution ex

iiract taken from the skin of burned dogs
within 2b-30 hours into the blood of rabbits

S ~aused the latter to die quickly
vith attendant sizns of muscwlar weakness, exhaustion, and inveluntary defeca-
tion and urination. Upon dissection, large blnod clots were found in the major
blood vessels and heart. In control experiments, the internal infusion of an
analogous extract from the skin of healihy doys had no essentlal effect on the
behavior of rabbits. The toxicity of burned skin is evidently connected with
the presence of thrombin-like substances which couse rapid intravaseuwlar co-
agulation of the blood. It is interesving that slidlarly acting thrombin-lile
components vere observed by Geyl'brunn [Hei'brunn] end his co-vorkers in the
tissues of animals which had been subjected to general heating.

Owr experiments showed thai the direct toxie effect could be avoided with
the aid of heparin. Study of the properties of the throgbin-like substance in-
dicated that it vas thermolabile and would not Dass through a Seitz filter. .
The question then arises: is the throwbin-like substance the only toxically
acting conponent of the salt solution extract obiained from burnt skiny
later shown that the spl+ solution exiruci obuained from the skin, after having
-been freed of the thrombin-like substance by pussing it through a Seitz filter,
still exhibited its toxic action. Injection o this material caused rabbits to
die within 3-8 days.

+ was

On the basis of our experiments it is evident that there are at least two
toxically acting components in the salt solution extract taken from burnt skin.
The first is thrombin-like, thermolabile, does not pass through a fine-nored
filter, and has & Fatal effect on the animal vithin a short period of time.
The second posses through the lilter and exerts its effect after a specific,
more or less prolonged ineubation veriod.

.
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There are different oplnions regarding the chemical nature of the toxi- .

genic substances formed in burnt tlssues. dccording to the dete of some in- ; .m
! vestigators, the toxic substances are formed by the splitting of the proteins I

of the burnt tissue, and also, possibly, in areas removed Trom the site vhere
the burn stimulus ig applied (Billroth, Davidson, I. H. Ishchenko, . P.
lebedeva, and D. ve. Ryvkina), In the opinion of other authors, the source of !~
the toxic products is the blood wilch has been subjected to mortifieation due PR
to the burn. V. 4. Hegovskiy presented proofs that toxic products are forned

in tissues of the brain subsequently to burns. In contermorary literature there N
are indications thet the burn syndrome is a nenifestetion of orotein autoin- !
toxication (I. . Ishchenko, 1. P, Lebedeva, ond F. Shutte). Owr own research ]
has revealed new evidence of the iumortance ol proteinz in the process of burn

intoxication.

P. 8. Vasil'yev and V. V. Suzdaleva conducted an investigation, in con-
Junction with Us, on the protein systeus of the blood of dogs before and after
the infliction of burns. The protein content in the blood serunm was deternined.
fn analysis off the lractional compicition of the protein with the aid of the
fractional salting-out method was carried out. In uddition, the lebility of
the protein systems was studied by evaluating the reactions of proteins in
response to the denaturing effect of heat throuzh the method of determining the
zeletinizetion time and the resistance to alcohol. The experinents which vere
conducted showed that the infliction of @ buran trauma led to severe guantita-
tive and quelitative chanzes in the protein systens of the blood. Within the
first minute afier infliction of <he burn, the protein content incresses and
changes oceur in corresponding protein fractions; i.e., there is an increase
in the albumin-zlobulin (/3) coefrictent, Arier ob aours, the period of the
development of acute into: cetlon, there is invaricbly a stronz stabilization
of protein, a fact which ig menifesced by o significant increase in the tine
required for the zelatinization of serun. The proteins lose thelr normal
capacity Lo react in recponse to a denaturing thewmal influence end the tiae
required for the formetion of a gel lncreases. Animels vhich are noi treated
die after exhibiting stebilization of theiy protein systems, a high protein
content in the blood, and an increased 4,/G coeflicient.

Such profound changes in the phycicochenical siructure of proieins alter
4 burn, in our opinion, cannot fail to exert ar effeet on their specific
biological characteristics. We undertook special Lnvestigations concerning
the antigzenic characteristics of “he protein substances of burned tissues in
experimental animals. In order %o detect the autoantigenic protein substsaces
We utilized the method of anephylexic aceonpanied by desensitization developed
by L. A. 2il'ber to deterrine tuwmor autountigens.

The experiments vere conducied in the folloving manner. Guinea plgs
were sensitized to a salt solution cxiract of the burned skin of dogs by sub-
cuteneous injections. Alter 15-20 days they uere desensitized by injecting
an extract prepared from the gkin of healthy dogs. Afiter the animals had be-
come areactive to the introduction of antigens from healthy skin they vere
2gain injected with an extract from burned skin in a dose not exceeding that
which had been used to test Tor complete desensitizztion., The guinea pigs re-
sponded to this injeetion with cnaphylactic shock of various degrees of severity,

With the cid of <this method, uc succeeded in the mpjority of cases in es-
tablishing the faclt that cpecific antigens exist in the skin of burned animals,
Specific burn cutocntigens vere detected in the blood serum and in 2 szl so-
luticn extract talen from the heart muscles of anlmals with burns, In order to
resolve the problem cs to whetlier the antizens vhich e had observed in the
blood are identical with those present in the tissues of burned aninals, guinea
pigs were sensitized by sali solution extracts from bLurned skin, and then de-
sensitized with extracts of nomaal skin and serum taken from %the tlood of nealthy
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dogs. ACter thig , the internal injection of bloou serun from burnegd do¢s IntQ
the aniuels produced g Sympton complex characteristic of anaphyleetic shock in
various degrees of Severity. These experiments rernit one to assume that the
autoantigens which oppear due to the effect of burns in the damaged tissue a-e
transported into the general blood siream and into various tissues ol the ai.
flicted animals,

The establishuent of the fact that specific antigens are present in burnegq
tissues and alsg in the blood of experimental animals vermitted us, in our ey~
forts to resolve the problems inherent in the econtrol of burn cutointoxication,
to channel into the right direction research on the development of methods or
specific noninfectious immunotherapy for the burn syndrome. In setting up oyr
research program ve m-oceeded from the vorking hypothesis that the autoantigeny
vere instruments of the toxic action. One cen suppose from this that specific
humorel defense lactors are elaborated in an organism subjected to burns, Cons
Sequently, serun from humsns or aninals who have recovereg Irom burns when in.
Jected rarenterally into aevly burned individuals showld exhibit an e.ntitoxie,
i.e., therapeutic action.

In connection vith %hij » one ousht to remember the work of G. I. Segalt
(1938) vhich shoved that serum ang blood of persons vho had recovered from
burns was used in isolated cases Tfor the treatment of burned patients. Un-
fortunately, this work uas not cormented on in the literature. The latter
faet is probably explained by the fact that the author did not give sufficlent
credit to the positive action of the serus taken from recovered petients, and
his investigations dig nov go beyond the realnm of eipiricel research.

Research on the experimental immunotherapy of “he burn syndrome served
the Tolloving purposes: (1) @ ctudy of the theropeutic action of serwn from
vecovered burn patients; (2) a study o the therepeutic cction of isoimmune
(antiturn) serum; (3) the study of serun obiained after immunization with
heterogenous burn antigens.

To determine the degree of therspeutic effectiveness of lmmunotherapy as
compared vith other types of hemotherapy end protein therapy nov used to treat
burns, ve conducted nunerous control experiments in vhich the following thepg~
peutic medla were erployed: native isoserum in conjunciion vith morphine,
tecodin, and polyvitanmins; isoblood; preparations of +he dextran type, i.e.,
the poly-lynkin [sic] TSOLIPK (a. A, Bogidasarov, G, Yo. Rozenberg) or colloidal
infusin (4. A. Lisitsin, 1. A. Fedorov, and P, §. Vecil'yev); and exchange
blood cranslusions (0. 5. Glomuan and 4. B. asaetkine). All these theropeutie
mnedic vere tested in experinenis on 31 dogs cubjecied to burns inflicted by the
second variation of the nethod deseribed above,

In all cases, the enunercted types of therapy did no' save the lives of
the animels and did not prolong then essentially in comparison with the un-
“reated animals (Table 1),

Let us return to our experinents on the siudy of the therapeutic effective.
ness of serum from recovered burn cases. Ve obtained serum from dogs vhich haq
been subjected to sublethol burns., The bLwns vere inflicted on 9-15 percent of
the skin surface by exposure to a flovn for & Sine tmounting to one :alnuie.

In a number of experimencs we resorted <o repeated burns.

In the first ceries, experiments were carried out on dogs, 40-h2 percent
of vhose total skin swrlace had been subjected to burning for three minutes,
After such an injury, the control animols, as is evident Trom Toble 1, died witpiy
6-48 hours. Fiperiments were carried out on 59 dogs in this series. Serum vas
usually infused an hour after infliction of the burn trewws st the rate of 10-13
il per kilogram of veight.
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The positive effect of Infusing serunm from recovered burn cuses vas
completely evident and lelt no doubts. Especially remarkable inprovement in
the condition of the animals was noticeable on the day following infusion of
the serum: the animals regained consciousness, they rezcted in a lively manner
to environmental influences, they developed an appetite, and no symptoms of
toxemnia were observed in them. The conirol animals trea‘ed by the nedla enu-
merated above were in a critical state by this time: they vere in a complete
stete of prostration and retched constantly, their pulses vere intermittent
and irregular, their respiration was shallow., In all owr experiments where
convalescent serum vas used we werc Successful in bringing the animals out of
the state of burn autointoxication.

later, afver 3-k days, a process of denudntion (peeling of the skin)
began in the animels in this series, end suppuration appeared on the 5th or
6th day, sometimes accompanied by septicopyenic phencrena. In a number of
cases, by the 10th-15th day denudation of the superficial and deep nuscles
had laid bare the ribs and the parietel pleurs could be seen. The animels
died of septicopyendia afier vardous periods of iime.

Because of conditions pertaining to our work, we did not succeed in
preventing the sequelae of the burn, i.e., the generalized septic condition.
In this series of experiments ve only succeeded in making the aninals re-
sistant to burn intoxication and in prolonging their lives for as long as
21 days (Table 1).

In the second series of experiments we changed the method of producing
< the burns. The area of the burn remained the same as before, but the time
of exposure was decreased to 1 1/2 minutes. The control animals in this
series vere treated with normal canine serun and lived 7-12 days. Under such
experinental conditions, the therapeutic action of lmmunotransfusion was ap-
parent o a still greater degree. Infusion of serum saved the dogs' lives,
A1 the experimental animals survived (Tzble 2).

Experiments were set up to study the therapeutic effect of isoimmune
serun and blood. To obtain therapeutic serum, healthy dogs were immunized
by the internal infusion of the bloog of dogs with severe burns. The immuniza-
tion took place over the course of 3-1 weeks during vhich time 6-10 infusions
of blood were edministered. An Increase in temperature, retehing, and loss of
appetite was observed in the animals after the rirst infusions. As time went
on, they easily endurec darzer quantities of "Lwrn" blood uithout eny toxic
manifestations. From T io 10 days after the last isoirmunization, blood was
taken from the animals ang therapeutic serum vas obtained from it.

Transfusion of isoimmune serwa to dogs with fatal burns caused a notice- !
able therepeutic effect; intoxication phenomena disappeared in the dogs,
retching ceased, sppetite appeared, wnd they reccted in o lively manner to
their surroundings. Treatment uith isoimmune serum of dogs suffering from
burns of a type which killed the control dogs within 6-48 hours either pro-
longed their lives or saved their lives (Tablez 1 and 2)

The positive eflect of immunotherapy was established on the basis of a
vhole series of objective indicators. After the infusion of serum, arterial
blood pressure rose a certzin amount, pulse strength increased, respiration
became deeper and less Erequent, and the number of leukocytes diminished.
Infusion of immune serum retards the cevelopnent of burn oligenmin, and also
the tempo of development of the anemde vhich inevitably emerges at a later
date after the infliction of a burn. A very cleor therapeutic effect of im-
muaotherapy is apparent “ron he study of “he indexes of lability of the
protein systems. In dogs treated with immune serws, as opposed to con&rol
enimals. the lability of the -rotein systems 15 cormletely restored, and the
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quantity ol proteins returns Lo normnl. The norualizing eflfect of iumuno-
transfusion on the total quantity of organic acids in the blood can also be
noticed. This testifies to the beneficlal effect exerted on the metabolic
oxldation processes in the presence of a bwrn syndrome (G. V. Derviz and
V. H. saidovich).

Recently we have produced evidence of the therapeutic action of conva-
lescent serum and isoimmune serum is experlients on aninals of another species.
In addftion we have succeeded in producing Leteroimmune serum. To obtain this
serum, ve immunized goats and rabbiis with wn antizen lsolated from the iher-
micelly injured skin of dogs. Experiments on immunotherapy cmploying hetero-
inmune serum vere carried out on dogs using the nethods indicated above, In-
trasmuscular administration of alien serwa also gave satisfactory results as
manifested by a decrease in the symptoms of intoxicetion; i.e., the animals
became lively, their temperatures went down, diuresis increcsed, and the tempo
of development of oligemie wus retarded. The len;th of life of such animals was
essentially extended when campared with results obiained in control experinents
in vhich the dogs were treated with nonimmune hetirogenous serum (Table 2).

On the basis of the experimental research vhich has been conducted, one
can draw conclusions concerning the high therapeutic effectiveness of methods
on noninfectious immunotherapy in controlling burn intoxication. The thera-
peutic effectiveness of immunotherapy significontly exceeds thet of the najority
of methods of therapy proposed hitherto and studied by us in the past.

The results obtained are so convincing that we consider it possible to rec-
omnend that the pathogenetic method of immunotherapy lor the burn syndrome be
put into clinical practice. Recenily, at owr suggestion, extensive testing of
the method of immunotherapy has been carried out on burn patients (D. M. Grozdov,
S. A. Rovmov, L. G. Fishman, L. N. Pushkar', and V. P. Koshevaya).

On the basis of preliminary data, it is possible to state that immunother-
apy is a highly effective method of treating the burn syndrome.

Teble 1. Trcatment With Immune Serum and Other lieans of Dogs Suffering From
Burns Covering 40-42 Percent of the Body Surface (3-Minute Exmonuee)

No of Days Animal

lo of ~_- - Lived After Thers :
Bxperimental

Less than

Type of Treatment Animalg one -5 6-10 11-15 i6-21
Convalescent Serum 59 3 5 21 18 12 ‘
Isoimmune Serum 1l - 1 5 3 2
Heteroinmwe Serum 7 - 1 4 2 -
Total 7 3 i 30 23 1
-6 -
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No of Days Animal

No of Lived After Therapy .
Experimental Less than |-
Type of Treatment Animals one 1-5 6-10 11-15 16-21 v

Control Experiments

Isoimmune Serum and Iso-
plasma 10 T 3 -- -- -~

Isoimmune Serum and Iso-
plasma in Conjuction With

Anesthesia and Vitamins 5 2 3 .- - -
Isoblood L L - - . .
Dextran L b . - - -
Exchenge Transfusion I3 L —_— .- - -

N Colloidal Infusin b it — e - -
Total 31 25 6 - - -
Grand Total 108 28 13 30 23 1k

Table 2. Treatment With Immune and Normal Serums of Dogs Suffering From Burns
Covering 40-42 Percent of the Body Surface (Exmosure for 1 1/2 Minutes)

o of o of No of Days Animal Lived

Experimental Surviving After Thevepy .

Type of Treatment Animels Animels 12 1320 21-30 _36
Convalescent Serum T T —- - - --
Isoimmune Serum 6 5 -- -- 1 -
Heteroimmune Serum 5 - - 1 3 1
Total 18 12 -- 1 b 1

Control Experiments

Normal Cenine Serum 5 - 5 -- -- --
Normal Canine Serum b - I -- -- -
Normal Goat Serum 5 “a 5 -- -- --

Total 1l - 14 —— - . '
Grand Total 32 12 14 1 L 1
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